Introduction Antimicrobial resistance is a major public health threat driven by inappropriate antibiotic use, mainly in general practice and for respiratory tract infections. In Belgium, the quality of general practitioners' (GPs) antibiotic prescribing is low. To improve antibiotic use, we need a better understanding of this quality problem and corresponding interventions. A general practitioners cooperative (GPC) for out-of-hours (OOH) care presents a unique opportunity to reach a large group of GPs and work on quality improvement. Participatory action research (PAR) is a bottom-up approach that focuses on implementing change into daily practice and has the potential to empower practitioners to produce their own solutions to optimise their antibiotic prescribing. Methods This PAR study to improve antibiotic prescribing quality in OOH care uses a mixed methods approach. In a first exploratory phase, we will develop a partnership with a GPC and map the existing barriers and opportunities. In a second phase, we will focus on facilitating change and implementing interventions through PDSA (Plan-DoStudy-Act) cycles. In a third phase, antibiotic prescribing quality outside and antibiotic use during office hours will be evaluated. Equally important are the process evaluation and theory building on improving antibiotic prescribing. Ethics The study protocol was approved by the Ethics Committee of the Antwerp University Hospital/University of Antwerp. PAR unfolds in response to the needs and issues of the stakeholders, therefore new ethics approval will be obtained at each new stage of the research. Dissemination Interventions to improve antibiotic prescribing are needed now more than ever and outcomes will be highly relevant for GPCs, GPs in daily practice, national policymakers and the international scientific community. trial registration number NCT03082521; Pre-results.
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IntroDuctIon
Antimicrobial resistance threatens public health worldwide and ranks high on the economic, political and research agendas. [1] [2] [3] The major driver of resistance is inappropriate antibiotic use by humans, the highest proportion of which being prescribed in ambulatory care, that is, by general practitioners (GPs) for respiratory infections, the most common reason for encounter both during and outside office hours. 4 Overconsumption and use of broad-spectrum antibiotics are identified as the main quality problems. 5 To reduce unnecessary antibiotic prescribing in primary care, a variety of interventions were implemented and studied worldwide, with varying success. [6] [7] [8] [9] [10] For nearly two decades, Belgium-like many other countries-has been investing in improving outpatient antibiotic prescribing using national public campaigns 11 as well as interventions for professionals, including guidelines 12 and individual antibiotic prescribing feedback. 13 The national public campaigns have been associated with dramatic decreases in both outpatient antibiotic use Optimising the quality of antibiotic prescribing in out-of-hours primary care in Belgium: a study protocol for an action research project 14 Meanwhile, the proportion of antibiotics not recommended as first choice is unacceptably high with a 1:1 ratio of amoxicillin to amoxicillin-clavulanate and 10% of total outpatient antibiotic use being quinolones, a situation not easily understood nor tackled. [15] [16] [17] Research using well-established disease-specific antibiotic prescribing quality indicators (APQI) revealed low quality of antibiotic prescribing in primary care in Flanders (Northern part of Belgium), especially for respiratory tract infections (RTI), both during and outside office hours. 5 18 Meanwhile, the ongoing establishment of general practitioner cooperatives (GPCs) represents one of the most important developments for primary healthcare in Flanders, Belgium and Europe. 19 In Flanders, about 50% of residents live in an area covered by a GPC. GPs of that specific region are obliged to participate in this rotation system of being on call during out-of-hours (OOH) in the GPC. These GPCs present a unique opportunity for research and quality improvement as they provide access to large groups of GPs working on one site to care for the same patient population with the same administrative and logistic support, including uniform and mandatory registration of all care episodes in the same electronic medical health record. Moreover, there is a possible spillover effect of any quality improvement in the GPC to primary care during office hours in their respective practices. Until now, detailed data on the quantity and quality of antibiotic prescribing in OOH care in Belgium, like research on antibiotic prescribing in OOH care in Belgium, are scarce. 20 Research in Denmark showed high antibiotic prescribing in OOH care, while in the Netherlands it showed slightly better prescribing quality than during office hours. 21 22 Both are low-prescribing countries. In this project, interventions will be targeted at 170 GPs of one GPC. Antibiotic prescribing data of three neighbouring GPCs will be available as well to get more detailed insight in prescribing habits in Belgian OOH care.
'Research that produces nothing but books will not suffice', stated by Lewin, grounding father of action research, remains one of the defining quotes about participatory action research (PAR). 23 But it is more than true for the battle against antibiotic resistance. In the scientific literature, we can find that several interventions have been proven effective, but it still remains a big societal challenge to implement these interventions and effective change in real practice.
PAR takes into account the facilitators and barriers to the uptake of findings in traditional quantitative research. 24 It is working with people, rather than doing research on them. 25 This approach systematically analyses and accounts for the many contextual, cultural and behavioural factors involved in local antimicrobial prescribing, to optimise intervention effectiveness. 26 PAR works through an iterative process of planning, action and reflection always in close collaboration with the relevant stakeholders. To date, PAR has been used in the acute care setting for hospital inpatients and the long-term care setting of nursing homes and residential care to improve antibiotic use. 26 So far, it has not yet been explicitly used to improve antibiotic prescribing in OOH primary care. The effectiveness of any intervention on antibiotic prescribing depends on the particular prescribing behaviour of the physicians and the barriers to change in the particular community, 8 and this is what PAR takes into account. Although the evidence of PAR in this field is still limited, it is a promising approach to optimise antibiotic prescribing behaviour in the setting of OOH primary care.
Therefore, in this study we will use the PAR approach to improve the quality of antibiotic prescribing for acute infections in primary care. The goal is to co-create and set up interventions together with the GPs of a GPC. As outcomes, we will use APQI to assess the quality of antibiotic prescribing at the GPC and antibiotic use data to assess a possible spillover effect from the intervention in OOH care to office hours. In addition, we will assess the feasibility and acceptability of PAR in this setting. And we will describe what can be learnt from the success factors and barriers of using the PAR approach to improve antibiotic prescribing in OOH primary care.
MEthoDs/DEsIgn PAr design
Four typologies in action research were described by Hart and Bond as a continuum. 27 Those four types are the experimental, organisational, professionalising and empowering types of action research. Our approach is most closely related to the empowering type. This bottom-up approach allows participants to be in control of the process and to develop an understanding of the problem, and next to determine possible solutions. To describe an action research project at the start of the study is not easily done as it is per definition dynamic, adapting to the situation, process driven, influenced by practice and participants, and thus continuously changing. 28 This study protocol sketches the overall plan of the study, but will be responsive to continuous adaptations to fit the goal set by the researchers and participants (figure 1). The study consists of three phases: exploring, facilitating change and evaluation. The study duration will be approximately 4 years and will be named the BAbAR study: Better Antibiotic prescribing through Action Research. Start date is April 1st 2017. In the first year, we plan to complete the first exploring phase, in the second and third years, the facilitating change phase, and in the last year we plan to run a detailed evaluation of the project. 
Phase 1: exploring
In the exploratory phase of this research, the focus will first be on partnership development and engaging the GPs with this research project. The success of the PAR approach depends on the willingness of the stakeholders to play an active role. 24 29 To map the willingness to participation and the need to change, contacts with the GPs of the GPC are planned. Emphasis will be put on the fact that the partnership is non-judgemental, has a reciprocal character and is based on trustworthiness. Developing a positive partnership with the GPs will be essential. A first contact with the board of the GPC has already taken place, and they expressed their willingness to participate in this project.
Next, narrative research will be undertaken to explore how the different stakeholders experience or make sense of antibiotic prescribing within their setting. By better understanding GPs' behaviour and taking into account the different barriers they experience, we will be able to understand their conduct and to develop interventions with better chances of success and bigger support from the GPs. Individual in-depth interviews will be performed with the relevant identified stakeholders (GPs, manager, and so on). A semistructured interview guide will be used. Topics consist on the one hand of the specifics on prescribing antibiotics in OOH primary care, the perceived need and the receptiveness to change, local antibiotic prescribing culture and habits, and so on, and on the other hand of the willingness to participate in PAR, the degree of commitment in being a coresearcher, the perceived viability of the project, and so on. Purposeful sampling will be performed to obtain a relevant variety in participants that reflects our specific setting (young vs experienced GPs, solo vs group practice during office hours, ethnical background, and so on). Scientific rigour is ensured by using triangulation and member checks involving first the participants in the interviews, and second all other stakeholders (see phase 2). The GPs who have contributed to the interviews will receive a formal analysis report with the summary of the findings and will be asked to deliver feedback (member checking, but also reflecting on it) in a focus group. In a second phase, this will be made available to all GPs of the GPC. Coding of the first three to five interviews will be done by two researchers independently (AC, a GP and SA, a sociologist). The coding framework will then be developed by consensus of these two researchers. Following the independent coding, the initial thematic framework will be compared, and similarities and differences will be discussed and amended to create a set of themes that represents both analyses. This thematic framework will be used for further analysis and if new themes emerge this will be discussed among the research team. The interim analyses will be critically looked at by the other three members of the multidisciplinary research team and will be adapted after their feedback.
Open Access
To develop a clear view on the why and when antibiotics are prescribed in OOH primary care, an ethnographic study will be set up. If consent is given by the GPs, we will use video observations to achieve a better understanding of the context, difficulties, clinical issues, patient-doctor interactions, and so on, during prescribing antibiotics in OOH primary care. It gives the possibility to gain insight in GPs' habits in their natural, real-world setting. The videos will be observed solely by the research team. Complete anonymity of the GPs and patients will be guaranteed. Using video observations can be a sensitive method for GPs in practice, but a review showed that from an ethical and practical point of view, recording consultations is generally acceptable to both patients and GPs. 30 31 The data collected through video observations will be analysed on the one hand for research purposes and on the other hand to guide the intervention development. During the interviews of phase 1, the use of video observations and possible related barriers will be discussed with the participants. During the interviews, we explore the thoughts of the GPs about receiving personal feedback or the possibility to discuss the videos with one of the researchers or with their peers. Another question is asked about the thoughts about using the videos solely as transcripts for research or also for peer education, or even to use them in video format with peers. Hence, the way we will use the video material will depend on the willingness or preference of the participants in our action research.
Because PAR is set up together with the participants having a voice in the design of the study, alternative data collection methods to gain insight in the daily practice of using antibiotics in OOH primary care can be suggested and subsequently applied. Alternative methods could be a live observation by a member of the research team, a study of the anonymised electronic medical health records, standardised patients, patient interviews, case vignettes, and so on. Antibiotic prescribing quality at the level of the GPC will be assessed before the start of the PAR using well-established APQI applied before in this setting. 5 18 For the six most common indications for antibiotic prescribing (in descending order: acute bronchitis (ICPC (6) code R78), acute upper RTI (R74), cystitis/other urinary infection (UTI; U71), acute tonsillitis (R76), acute/chronic sinusitis (R75) and acute otitis media (H71)) and for pneumonia (R81) values of three quality indicators will be calculated and fed back The APQI values will be calculated before the start of the PAR in phase 1 and will be used during the PDSA (Plan-Do-Study-Act) cycle(s) of phase 2 as a quantitative indicator of antibiotic prescribing quality improvement in OOH primary care. In the data analyses, the focus will be on lowering antibiotic prescribing as well as on improving the proportion of receiving a recommended antibiotic and lowering the use of broad-spectrum antibiotics. But, the involved GPs can choose to develop interventions that target all these elements or target only one specific problem. The participants will have their saying in the action process itself, and on how it will be evaluated 32 so matching interventions and assessments have to be chosen.
We will be able to use data collected through the electronic medical health records. iCAREdata (Improving Care And Research Electronic Data Trust Antwerp; www. icaredata. eu), that is, a research database linking and collecting routine data from all GPCs covering OOH primary care in Antwerp, allows us to deliver up-to-date feedback and evaluate interventions at GPC level. 33 34 Phase 2: facilitating change Next, PAR will focus on planning and implementing interventions based on the findings in phase 1. Participants are encouraged to be involved in defining the nature of change and the activities to accomplish this change.
In the second phase of our study, qualitative and quantitative results of phase 1 will be fed back to all participants in the PAR. In reflective peer group sessions, the barriers and opportunities will be explored and interventions will be co-designed together with PAR participants taking into account previous work as well as the current scientific knowledge. By reflecting and interacting with each other, a joint strategy grounded in the reality of OOH primary care practice can originate. Interventions will be delivered and assessed at GPC level, but since the intervention(s) will be co-created with the stakeholders, at this stage it is unclear how the intervention will look like and at who it will be aimed, the individual GP, the patients, both or any other relevant stakeholder or structure. Every GP of the region is on call for several times every year and thus will be exposed to the intervention(s). There are recognised difficulties in measuring effectiveness of interventions in PAR and using PDSA cycles because of the many variables in a complex situation. 35 36 The evaluation of action research therefore is not solely a change intervention, but more a research approach with change and knowledge outcomes, where qualitative findings on context, process and views of participants are a part of.
The feasibility and acceptability of the implemented interventions will be studied from the perspectives of the GPs, and from the perspective of the patients. Process indicators will depend on the type of interventions and implementation strategies chosen by the stakeholders. If, for example, they choose for an internet-based communication skills training such as GRACE INTRO, 37-41 the number of patient information booklets, which are an integral part of this intervention, distributed to patients could serve as a process indicator. Also the experiences, views, acceptability, and so on, of patients receiving this intervention will be explored and be taken into account into the adaptation of the interventions. At this point, the research group does not have a preference for the type of interventions that will be implemented, but they do Open Access have the knowledge of existing, appropriate and effective interventions to support the GPs' wishes and needs. We aim to run the PDSA cycle a minimum of two times.
The results of this implementation phase of the study will be reported using the StaRI (Standards for Reporting Implementation Studies) checklist. 42 Phase 3: evaluation In the third phase, the impact of the interventions on the quality of antibiotic prescribing will be evaluated. But equal importance will be given to the evaluation of the process of PAR.
We will evaluate the quality of antibiotic prescribing based on the APQI values for OOH primary care, and also aim to assess any spillover effect to primary care during office hours of improving the quality of antibiotic use outside office hours. The effect on antibiotic use during office hours will be assessed using Intermutualistic Agency (IMA, www. nic-ima. be) data. Hence, the latter outcome measurement will have complete response, and will not interfere with the normal routine of the eligible GPs, allowing a more valid estimate of any spillover effect than databases who recover data from the recording by GPs into their own system. Since IMA data have no link with diagnoses and are data from the dispensing of the medication to the patient, the effect on antibiotic use in general and in relevant subgroups defined by age and gender will be assessed rather than the prescribing by diagnosis. The quality of the IMA data does not depend on the quality of recording by the GPs, in contrast to the OOH care data. In Belgium, every GP is obliged to be on call in the GPC of his/her own region, meaning that one GPC covers all the GPs of one specific well-defined region.
The process evaluation aims to deepen our understanding of how, why and what was learnt from the project. PAR refers to a range of research methods that emphasise the importance of participants and action. It uses methods that involve iterative processes of reflection and action. 43 Although most of the PAR methods involve qualitative techniques, increasingly quantitative and mixed methods are used, which we will also combine. The main emphasis however is on the process. The main objectives are to explore, to see whether the process is adequate (are the intervention and outcomes occurring, is there a change in prescribing) and to explain how and why does implementation of the intervention lead to effects (so develop or expand a theory to explain the relationships between concepts and the reason for the change). 44 The concept of analytic generalisation, by linking our particular findings to theory, allows to apply the research findings in similar contexts, and to other groups and contexts as well. 45 Dissemination of this model to other GPCs and other GP settings is one of the deliverables.
setting
The GPC of the Antwerp city centre covers four districts with more than 187 000 inhabitants. More than 50% of patients have a foreign origin. 46 There are 170 GPs who are on call in a rotation-based system from Friday evening 19:00 until Monday morning 07:00. They work in shifts of 12 hours. During the day, two GPs are responsible for the consultations at the GPC, while one GP is responsible for home visits. During the night, there is one GP responsible for seeing all patients. There is a secretary for administrative support and a driver for the home visits. The average age of the GPs is 49.3 years old, 78 are men and 92 are women, and 21 of them are GP trainees.
Ethics, registration and dissemination
Ethics approval for the overall study was obtained from the Ethics Committee of the Antwerp University Hospital/ University of Antwerp (reference number 17/08/089). As each work package of the study develops, amendments might be applied for. The study is registered on clinicaltrials. gov (NCT03082521).
The findings of this project will be discussed with all participants, disseminated at national and international scientific meetings, and published in peer-review journals. In addition, we will discuss both the development and the findings of this project with Belgian Antibiotic Policy Coordination Committee (BAPCOC) to inform future interventions to improve antibiotic use in Belgium.
Ethics approval for data extraction from the electronic medical records for all GPCs in the iCAREdata database was granted by the Ethics Committee of the University of Antwerp/University Hospital Antwerp (12/49/404 and 13/34/330).
To secure the privacy of information about individual patients, a permission for the data collection at the GPCs was obtained from the Committee of Health of the Commission for the Protection of Privacy (No. 14/094 n173 on 18 November 2014). A separate application for the data linkage was approved on 28 July 2015 (No. 14/194 n133).
An official request to use these specific antibiotic data will be made to the scientific advisory board of iCAREdata.
researchers and research paradigm This PAR project adopts a critical theory approach by critically reflecting on a social system and by applying knowledge from the social sciences. A critical theory approach relies on dialogical methods combining observations and interviewing with approaches to foster conversation and reflection. This reflective dialogic allows the researcher and the participants to question the 'natural' state and challenge the mechanisms for maintenance. 25 47 The aim is to challenge guiding assumptions and ask people in the organisation to reflect on and question their current practice; not just to describe it but with the ultimate aim to change it.
In PAR, it is important to be clear on the researchers' beliefs and values, which is inseparably linked with the background of the members of the research team. AC Open Access is a GP and junior researcher at the Centre for General Practice (CHA), Department of Primary and Interdisciplinary Care (ELIZA) of the University of Antwerp, and main researcher of this study. This research will be part of her PhD thesis. She has worked as a GP in this particular GPC of the study until 2015. This makes her role in the study very unique, by having both an insider and an outsider role. SA and SC are the two supervisors of the study. SA is a primary healthcare sociologist at CHA-ELIZA and postdoc researcher with expertise in qualitative social research, with a specific interest in the implementation of antibiotic improvement interventions. SC is associate professor of clinical epidemiology, coheads CHA-ELIZA and associate member of the Vaccine & Infectious Disease Institute of the University of Antwerp, and chair of the BAPCOC working group coordinating the antibiotic awareness campaigns in Belgium. His research focuses on the multidisciplinary study of infectious diseases, with particular focus on the quality of antibiotic prescribing for RTIs in primary care. RR is professor in general practice, coheads CHA-ELIZA of the University of Antwerp. HP is a postdoc researcher. Like RR, HP is a GP and experienced researcher in the field of OOH primary care. The team has a strong international network in the field of OOH care and infectious diseases. The multidisciplinarity of the team is a strong asset. Self-reflective field notes will be kept by the main researcher.
DIscussIon PAR is being used more widely in healthcare settings since the late 1990s to address complex and multifactorial healthcare problems. The use of PAR in development of antimicrobial stewardship programmes is limited and has not yet been tested in the particular setting of the GPC. 26 It could however be the answer to bridge the research practice gap existing in implementing the changes needed to improve antibiotic prescribing behaviour.
PossIblE strEngths AnD wEAknEssEs
In this study, we will reach a large group of GPs with various background (solo practice vs group practice, different age groups, and so on) all working in the same clinical setting. The setting of OOH primary care has been proven a meaningful and feasible place to work on antibiotic usage. 20 48 49 Hypothetically, a GPC could act as a catalyst for behaviour change in GPs during office hours, forming a suitable and promising setting to implement interventions on behavioural change.
The use of routinely collected data for research purposes and to improve care is gaining more and more interest under the term 'Learning Healthcare systems'. [50] [51] [52] It offers tremendous possibilities to improve clinical practice. But it also poses challenges such as data quality, security issues, technical support, and so on. 50 51 53 54 In this project, the quality of the data depends on the quality of recording by the GPs in their electronic health record at the GPC. We will monitor the quality of these data closely and critically reflect on the relevance for clinical practice. Although the focus of this research is the improvement of the quality of antibiotic prescribing, an equally important goal is to see what can be learnt from the process. Meyer stated that the success of action research lays not within the positively demonstrated change, but more within what was learnt from the experience. 55 Physicians' antibiotic prescribing is influenced by multifactorial elements. Changing their behaviour is a complex task. Trying to understand why and how interventions lead to an effect will be of importance. 56 Studying the mechanisms underlying the change will be essential to be able to transfer and adapt our approach to other settings and contexts. Reliability is not the goal of PAR. The validity of PAR rests within the movement of action and reflection. The goal is to work on rich, genuine and trustworthy data to strive for transferability to other settings and contexts. Findings of every phase of the research will be discussed and published within the PAR approach and will be provided with rich contextual details to judge relevance for the reader's own context. Generalisation of action research is not empirically based, but theoretically constructed. 55 Our findings will only be generalisable within our own specific context and situation. The idea is not to seek generalisable data, but generate knowledge. 32 Critical reflection within the research group and with the stakeholders will continuously feed this knowledge and will sketch the research within a certain context. Antibiotic rates vary between different GPs. The impact of this intervention on GPs can differ between the prescribers who are adhering to guidelines or the ones who are not. Attention should be paid on involving and motivating these last ones. If consent is given by the GPs, looking at the anonymised individual data is a possibility to generate personal prescribing feedback.
The process of change is a complex and slow process. Implementing new ways and habits in daily practice is a challenging task, and must be widely supported by all stakeholders. The use of (broad-spectrum) antibiotics in primary care in Belgium is among the worst in Europe, despite all efforts to date. 14 17 We believe that PAR as a bottom-up approach can be the tool to improve the quality of antibiotic prescribing.
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